The objective of this research was investigated the effect of polyphenol oxidase microwave treatment on phenolic composition, antioxidant activity and microstructure of loquat fruit. Phenolic profile of methanolic extracts prepared from fresh, and microwave-treated samples were analyzed. Antioxidant activity was also evaluated by 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS •+ ) and 1,1-diphenyl-2-picrylhydrazyl (DPPH + ) methods. In addition, polyphenol oxidase inactivation was carried out using a response surface methodology to establish the optimal conditions of treatment. The phenolic content of fresh mesocarp was 311 ± 0.60 mg gallic acid equivalents (GAE)/100g dry weight (DW) and that of microwave-treated mesocarp was 1230 ± 0.36 mg GAE/100g DW. Total phenolic content of water/ methanol extract significantly increases after microwave treatment rather than methanolic extract of fresh loquat. Five glycoside phenolics were identified by HPLC-DAD-MS as 3-caffeoylquinic acid, 3-p-coumaroylquinic acid, 5-caffeoylquinic acid and quercetin-3-O-sambubioside. Methanolic extract of microwave-treated mesocarp showed higher antioxidant activity than that of fresh mesocarp. Thus, polyphenol oxidase inactivation by microwave energy preserved the integrity of phenolic compounds as well as antioxidant activity in mesocarp extracts prepared from loquat fruit. It was also noted that phenolics were more abundant in the microwaved samples than in the fresh samples.
Introduction
The loquat (Eriobotrya japonica Lindl) plant is grown in subtropical areas of China, Japan, India, Israel and the Mediterranean [1] . However, its utilization is limited due to enzymatic browning that occurs immediately after removing the peel [2] . Enzymatic browning is an undesirable reaction because of its unattractive appearance and the resulting loss of quality [3] such as sensorial and nutritional modifications, softening, off-flavor development and darkening. Thus, enzymatic browning greatly depreciates the potential of loquat as a food product [4, 5] . The extent of browning depends on phenol content and polyphenol oxidase (PPO) activity [5] . Polyphenol oxidase enzymes in loquat juices have been inhibited using sulfhydryl compounds [6] and the effectiveness of antibrowning agents may be due to the concentration of endogenous phenolic compounds presenting in each fruit [3] .
Recent research has reported the advantages of using microwaves for processing food products. Microwaves can penetrate material and deposit energy, and therefore heat can be generated throughout the volume of the material. Microwave treatment can reduce processing time and enhance product quality [7] . Microwave energy is a useful alternative in the processing of fruits and vegetables because of its rapid heating rate and its non-thermal effect on enzyme inactivation. Moreover, microwave energy reduces the impact of elevated temperature and improves retention of thermolabile compounds such as polyphenols, vitamins, carotenoids and other secondary metabolites [8, 9] . The main objective of this research was to apply microwave energy to inactivate PPO enzyme activity in loquat fruit (Eriobotrya japonica) and evaluate the effect of this treatment on the fruit phenolic profile and antioxidant activity.
Materials and Methods

Plant Material Fresh Sample (FS)
Loquat fruits were purchased at a local market in Mexico City and sanitized with Citrus ® solution (20 mL/L, v/v). Pulp fruit (mesocarp) was separated manually prior to analysis and peel and seeds were discarded.
Microwave Sample (MS)
Design Expert ver. 7 (Stat-Ease, Inc. Minneapolis) software was used to determine the optimal conditions for PPO inactivation. Time and sample weight were independent variables, while PPO activity, total phenolic content, and antioxidant activity were response variables. Mesocarp tissue (ranging from 190 -260 g, Table 1 ) was placed in a glass plate and treated at 478 Watts in a microwave oven (MS-1742AT, LG Corporation, Mexico). Temperature after microwave-treated was measured using an infrared thermometer (RAYST6LXE, Raynger ST, California, USA). Microwave-treated samples were stored at 4˚C until further analyses. The microwave energy intensity (E) was calculated as follows using Equation (1) [10] .
"E" is the microwave energy intensity, "W" represents the microwave oven power (watt), "s" is the treatment time (s), "g" is the sample weight (g) and 1000 J is a conversion factor.
Microstructural Analyses
Each sample of mesocarp (FS, MS) was fixed, washed, and dehydrated as described [11] . Inclusion with Epon 812 resin and polymerization was carried out at 60˚C for 24 hours. Thin cuts were then made with an ultramicrotome (Ultracut, Leica UCT) and images were taken with an electron transmission microscope scope (Joel-JEM 1010 Japon) at 6000-fold magnification.
Polyphenol Oxidase Enzyme Assay
Ten grams of mesocarp (FS and MS samples) were homogenized in 20 mL of 0.2 M sodium phosphate buffer pH 7.0, and 1 g/L polyvinylpyrrolidone. The resulting mixture was centrifuged at 21,000 × g for 20 minutes at 4˚C, and the supernatant was collected as a crude extract. PPO activity was determined in a reaction consisting of 2.9 mL of 50 mM catechol as substrate, 0.1 mL of 0.2 M phosphate buffer pH 7.0, and 0.1 mL of the PPO crude extract. Change in absorbance at 420 nm was recorded every 5 s for 5 min using a spectrophotometer (Genesys 10 uv scanning, Thermo Spectronic, Rochester, NY. USA). One unit of PPO activity was defined as the change in absorbance of 0.001/min/mL of enzyme [12] .
Phenolic Compound Extraction
Two-gram samples (FS and MS) of mesocarp were mixed with 15 mL of methanol: water (1:1, v/v) and ultra-sonicated for 1 h (Ultrasonic cleaner, USA). The 
Determination of Total Phenolic Content (TPC)
TPC was determined according to the Folin-Ciocalteu method described by Sun et al. A 100 μL aliquot of methanolic extract was mixed with 750 μL of Folin-Ciocalteu phenol reagent (diluted 1:10 with water) and was allowed to stand for 5 min at room temperature; 0.75 mL of 6% sodium bicarbonate was added to the mixture. The mixture was then incubated for 90 min at room temperature in the dark. Reactions were measured at 750 nm using a spectrophotometer (Genesys 10 uv scanning, Thermo Spectronic, Rochester, NY, USA). A calibration curve using gallic acid at concentrations ranging from 0 to 0.25 mg/mL was prepared and reactions were tested under similar conditions. Results are expressed as mg GAE/g DW ± standard deviation (SD) for 3 replicates [13] .
HPLC-DAD-MS/MS Analysis of Phenolic Compounds
Methanolic extracts were analyzed using a UHPLC-system (Ultimate 3000, Dionex, Sunnyvale, CA, USA) equipped with on-line degasser, binary pump, auto sampler, column heater, diode array detector and a 100 μL loop coupled to a MS detector (MicrOTOF-QII, Bruker Daltonics, Biellerica, MA, USA). Chromatographic analysis was performed using a C18-reversed phase column (Kinetex C-18, 50 × 2.1 mm i.d. Phenomenex, Torrance, CA, USA), with a particle size of 2.6 μm. Mobile phase A was 100% methanol and mobile phase B consisted of 5% formic acid in water. Separation of phenolics was achieved using the following gradient: 0 min-5% B, 3 min-15% B, 13 min-25% B, 25 min-30% B, 35 min-35% B, 39 min-45% B, 42 min-45% B, 44 min-50% B, 47 min-70% B, 50 min-70% B, 56 min-75% B, 61 min-80% B and a flow rate of 0.9 mL/min. The chromatograms were recorded at 280 nm for 65 min and the sample injection volume was 20 μL. Identification of phenolic compounds was performed on a HPLC-DAD-ESI-MS/MS system (Bruker micrO-TOF-Q II, Bruker Daltonics, Bremem, Germany) using Electrospray Ionization (ESI) analysis. Samples were dissolved in 100% methanol and were injected directly into the spectrometer. Polymer-related peaks were identified in positive and negative ion mode. The capillary potential was −4.5 kV, the dry gas temperature was 200˚C and the drying gas flow was 4 L/min. Total ion chromatograms from m/z 500 to 3000 were obtained.
DPPH Radical Assay
The activity of loquat methanolic extracts on the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical was estimated according to the procedure described by Ferreres et al. (2009) . A 100 µL aliquot of methanolic extract (FS and MS samples) was mixed with 2.9 mL of a methanolic solution of 150 µM DPPH. The reaction mixture was incubated for 30 min in darkness at room temperature. The absorbance of the resulting solution was measured at 515 nm in a spectrophotometer (Genesys 10 uv scanning, Thermo Spectronic, Rochester, NY, USA). The control sample was composed of methanol instead of methanolic extracts. The antioxidant activity of the tested samples was expressed as % inhibition of DPPH ± SD, following Equation (2):
ABTS free Radical Scavenging Assay
The antioxidant capacity of loquat extracts was also evaluated by using 2,2´-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) free radical scavenging following the modified method. Potassium persulfate was added to 7 mmol/L of ABTS •+ and the resulting solution was incubated for 16 h at room temperature in the dark. The ABTS
•+ solution was diluted with ethanol and adjusted to an absorbance of 0.70 ± 0.02 at 734 nm before analysis. A 10 µL aliquot of loquat extract was added to 990 μL of the ABTS
•+ cation solution and mixed thoroughly. After mixing, the absorbance was measured at 734 nm every minute for 7 min. Readings taken after 5 min of reaction were used to calculate the inhibition (%) of ABTS. The blank was made with ethanol in place of extracts. Absorbance values were corrected for the solvent as follows [14] according to Equation (3):
In this case, "sa" refers to the sample and "so" refers to the solvent. A standard calibration curve was constructed by plotting absorbance values against varying concentrations of Trolox. Antioxidant capacities of the samples were calculated in Trolox equivalents and % ABTS inhibition using this curve. All measurements were made in triplicate and these experiments were repeated twice. Data are reported as means ± SD.
Statistical Analysis
Statistical analyses were conducted using Sigma Stat ver-
sion 3.5 (Jandel Corp., San Raphael, CA). Data was analyzed by one-way ANOVA and differences among the means were compared using the Holm-Sidak method with a level of significance of P < 0.05.
Results and Discussion
Polyphenol Oxidase Inactivation by Microwave Treatment
Results of microwave treatment indicated that PPO was inactivated in most combinations of microwave power and time (Table 1) . However, conditions were selected in consideration of the E value, the amount of energy required to inactivate the enzyme, which is an important parameter in scaling up the process. Therefore, an optimal combination was considered to be the one where enzyme activity was inactivated and the largest fraction of phenolic compounds were extracted using the lowest microwave energy intensity. Matsui et al. reported that microwave treatment improves retention of thermolabile nutrients and sensorial characteristics [8] . The PPO enzyme activity in loquat pulp was inactivated at 83˚C, which is consistent with published findings that purified PPO from loquat fruit (Mespilus germanica L., Rosacea) is heat-denatured at approximately 80˚C [4] . Compared to fresh mesocarp, significant reductions in PPO enzyme activity (approximately 79%, 96%, and 98%) were observed at E = 0.17 kJ/g, 0.22 kJ/g and 0.28 kJ/g respectively. Our study indicated that the optimal combination for PPO inactivation in loquat fruit was 478 W for 210 s, resulting in an E value of 0.44 kJ/g. Under these conditions, the largest fraction of phenolic compounds, aproximately 311.1 ± 0.60 mg GAE/100g were retained compare to the other combinations. The E value required for enzyme inactivation depends on several factors such as the chemical composition, dielectric properties, pH, and other physical properties of the tissue [15] . Similar E values have been previously reported for different fruits and vegetables such as avocado puree (700 W/23 s, E = 0.80 kJ/g), potato cubes (600 W/300 s, E = 0.85 kJ/g), and mamey (937 W/165 s, E = 0.90 kJ/g) [15] [16] [17] . Microwaves are useful because they transfer energy throughout the volume of the material, reducing processing time and enhancing overall quality by inactivating PPO activity [18] .
Microstructural Analysis
Microstructural analysis of fresh samples and microwave-treated samples (at 478 W/210 s) are shown in Figure 1 . In fresh mesocarp sample (Figure 1(a) ), the cell walls and vacuoles showed a defined structure. After microwave treatment, morphological alterations such as thinner cell walls and compromised vacuoles were ob- served (Figure 1(b) ). These morphological changes may favor the release of compounds from vacuoles and significantly increase the amount of extractable phenolics in microwaved tissue compared to fresh tissue. In agreement with our results, other labs have reported that antioxidant activity and phenolic extraction levels increased after microwave treatment [19] . The intense heat generated from microwaves creates a high vapor pressure and temperature inside plant tissue, resulting in the disruption of plant cell wall polymers [20] . Consequently, cell wall phenolics or bond phenolics can be released, thus causing even more phenolics to be extracted [21] . However, more studies are needed to understand how structural modifications caused by microwaves influence the extraction of phenolic compounds. . The R 2 value for the model was 0.9434, and the lack of fit was not significant (0.0654 and P > 0.05) suggesting that the model could be used to predict the TPC.
Lindl.) and reported approximately 2-fold lower TPC levels in mesocarp compared to our study. Furthermore, another group reported lower (1.5-fold) phenolic concentrations in mesocarp tissue derived from the same loquat variety used in our study [25] . The differences observed in TPC may be due to several factors such as species, variety, light, the extent of ripeness, and environmental conditions [26] . Our study offers an excellent means to inactivate PPO enzyme activity by employing microwave energy. This method improves phenolic extraction and preserves fruit sensory characteristics. Increased microwave radiation resulted in an increase in TPC content of loquat water/methanol extract. The TPC, expressed as gallic acid equivalents, was 311.1 ± 0.60 mg/100g for fresh loquat pulp. After microwave treatment at E = 0.44 kJ/g, TPC increased approximately two-fold in water/methanol extract compared to extract from fresh pulp. Our results are in agreement with the findings of who found that microwave treatment improved the phenolic extraction in mandarin pomace and peel. A possible explanation is that microwave energy can potentiate the bioavailability of free natural compounds by preventing the binding of polyphenols to the plant matrix [22] . Alternatively, the inactivation of the PPO enzyme during heat treatment may inhibit polyphenol degradation [23] . However, we observed that extended microwave treatment (300 s) increased degradation of phenolic compounds ( Table 1) .
Effect of Microwave Treatment on Phenolic Profile
To further explore the nature of treated loquat mesocarp, phenolic compounds were identified it. The resulting chromatograms indicated significant differences in the phenolic profile of the fresh sample compared to microwaved sample (Figure 2) . Six major peaks were apparent by HPLC-DAD-MS/ MS (Figures 2(a)-(b) ) and identified by their retention times, spectral characteristics and ion molecular mass ( Table 2) sambubioside. The 3-caffeoylquinic acid content increased significantly from 2.5 ± 0.3 mg/g DW to 10.5 ± 0.2 mg/g DW in fresh compared to microwave-treated mesocarp, respectively. Thus, our results indicated that microwave-treated improves the capacity to extract phenolic compounds. Similar results have been previously reported for pomace tissue from different citrus fruits, in which an increase in phenolic compound release was observed after microwave treatment [27] [28] [29] . The liberation of phenolics is consistent with findings previously reported by T. Uslu et al., who reported that during microwave treatment, differential heating rates between different phases promotes liberation of phenolics. Selective heating is a fundamental phenomenon associated with microwave heating [30] and it is possible that release of phenolics is coupled with either the selective heating of a number of the individual phenolics in the microwave field or physical forces acting between the phenolic and the plant matrix [27] . The phenolic glycosides identified in our study were the same as those reported for fresh Eriobotrya japonica Lindl mesocarp [31] . Other phenolic compounds have been identified in mesocarp and pericarp tissues, including 3-caffeoylquinic acid, 4-caffeoylquinic acid, 5-feruloylquinic acid, hydroxybenzoic acid, chlorogenic acid and cyanidine glucoside [1, 32] . Remarkably, microwave-treated sample was not affected by enzymatic browning, and phenolic levels were more extractable than even those of fresh sample (Figures 2(a) and (b) ). Finally, levels of 3-caffeoylquinic acid, 3-p-coumaroylquinic acid and 5-caffeoylquinic acid increased significantly in microwave-treated sample (Table 2).
Effect of Microwave Treatment on Antioxidant Activity
The antioxidant activity of loquat methanolic extracts was determined by ABTS and DPPH radical scavenging assays. Extract derived from microwave treated mesocarp exhibited higher ABTS and DPPH radical scavenging than the extract from fresh mesocarp. ABTS inhibition for fresh mesocarp was 16.3 ± 0.1%, and 40.7 ± 0.3% for microwave-treated mesocarp. A linear correlation (R 2 = 0.70) of TPC and % ABTS inhibition was found for mesocarp. Similar trends were observed using the DPPH assay: Percent inhibition for fresh (9.6 ± 0.3%), and microwave-treated (50.3 ± 0.2) mesocarp extracts. There was also a linear correlation (R 2 = 0.73) between % DPPH inhibition and TPC and the DPPH inhibition mesocarp samples. Antioxidant activity results may vary considerably, depending on the specific assay used and the type of radical generated from a given compound. Results obtained by different methods are therefore not always comparable [33] . However, similar trend have been reported for mandarin pomace treatment with microwaves at 250 W for 15 min [27] . The authors concluded that antioxidant activity increased after microwave-treated due to the release of a free phenolic fraction. Other studies indicated that microwave processing enhanced antioxidant activity in broccoli, spinach, green beans and pepper [34] . Yamaguchi et al. reported that radical scavenging activity increases after thermal processing due to the suppression of oxidative enzymes and the release of potent antioxidant compounds. The authors also concluded that the internal temperature of fruits and vegetables is associated with inactivation of oxidative enzymes and the destruction of cell walls, both of which are responsible for radical-scavenging activity [35] . Our study is consistent with these others in that the release of phenolic compounds after microwave-treated resulted in increased antioxidant activity in extracts from loquat fruit.
Conclusions
Microwave treatment was proved to be a promising ave- nue to inactivate PPO in loquat fruit. In addition, microwave treatment resulted in microstructural modifications that facilitated the release of phenolic compounds from the fruit matrix. The combination of PPO inactivation with increased TPC increased antioxidant activity in mesocarp.
In the future, this technology may be scaled up to produce novel products derived from loquat fruit and made available throughout the year. However, further studies are needed to evaluate the effect of microwaves on biocompounds such as carotenes, vitamins, and other nutritional chemicals in loquat fruit.
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